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Description 



[0001] The present invention relates to a method for 
manufacturing carbon nanotubes, and more particular- 
ly, to a method for manufacturing carbon nanotubes by 5 
binding carbon nanoparticles manufactured by a con- 
ventional method. 

[0002] Conventionally, carbon nanotubes have been 
manufactured by a physical method, such as arc dis- 
charging or laser vaporization, or by a chemical method 10 
such as chemical vapor deposition (CVD). 
[0003] FIG. 1 shows an arc discharging apparatus ap- 
plied to the conventional arc discharging method. Initial- 
ly, graphite rods are mounted as a cathode 11 and an 
anode 1 3, and a voltage is applied across the two elec- 15 
trades to occur discharging between the two electrodes. 
As a result, carbon particles falling away from the anode 
graphite rod are attached to the cathode graphite node 
whose temperature is maintained to a low level, by at- 
traction. 20 
[0004] FIG. 2 shows a laser vaporization apparatus 
applied to the conventional laser vaporization method. 
Initially, the temperature of a reactor 27 is maintained at 
about 1200, and a graphite 23 placed in the reactor 17 
is irradiated by a laser beam 21 to vaporize the graphite 25 
23. The graphite vapor is adsorbed onto a collector 25 
maintained at a low temperature. 
[0005] In the conventional physical methods for man- 
ufacturing carbon nanotubes, such as arc discharging 
or laser vaporization, a pure anode graphite rod having 30 
a cavity filled with metal powder, such as Co, Ni, Fe s or 
Y, is used to obtain single-walled or multiple-walled car- 
bon nanotubes. However, forming the graphite node 
containing a predetermined amount of a particular cat- 
alytic metal complicates the overall carbon nanotube 35 
manufacturing process, and thus the physical methods 
cannot be applied to produce carbon nanotubes on an 
industrial scale. In addition, single-walled carbon nano- 
tubes produced by the physical methods contain a great 
amount of impurities, such as amorphous carbon or 40 
metal particles, and thus needs an additional purification 
process. 

[0006] FIG. 3 shows an apparatus applied to a con- 
ventional plasma enhanced chemical vapor deposition 
(PECVD) method. According to the PECVD method, a 45 
reactive gas is discharged in a vacuum chamber by a 
direct current or high-frequency electric field applied 
across two electrodes. Referring to FIG. 3, a substrate 
31 on which carbon nanotubes are to be grown is placed 
on a grounded lower electrode 32, and a reactive gas is so 
supplied between an upper electrode 34 and the lower 
electrode 32. A thermal resistive heater 33 is mounted 
underneath the lower electrode 32, or a filament 35 is 
disposed between the upper electrode 34 and the lower 
electrode 32, to decompose the reactive gas. The ener- 55 
gy needed to decompose the reactive gas and to syn- 
thesize the carbon nantotubes is supplied from a high- 
frequency power source 37. As the reactive gas, CH 4 , 



C 2 H 2 , H 2 , etc. are used. 

[0007] Compared with the physical methods de- 
scribed above, the conventional CVD method is favora- 
ble for mass production and advantageously does not 
need an additional purification process. However, simi- 
lar to the conventional physical method, it is not easy to 
inject and control a catalyst. In addition, the convention- 
al CVD method needs a high -temperature growing proc- 
ess and thus increases the complexity of the process, 
energy consumption, and costs. 
[0008] Accordingly, it is an object of the present inven- 
tion to provide an economical, large-scale method for 
manufacturing carbon nanotubes containing few impu- 
rities. 

[0009] To achieve the object of the present invention, 
there is provided a method for manufacturing carbon na- 
notubes, comprising: dispersing carbon nanoparticles in 
a strong acid solution; and heating the strong acid solu- 
tion at a predetermined temperature under reflux to form 
carbon nanotubes from the carbon nanoparticles. 
[0010] In the method, preferably, the carbon nanopar- 
ticles are formed by laser vaporization or arc discharg- 
ing. Preferably, the strong acid solution is one selected 
from the group consisting of a nitric acid solution, a sul- 
furic acid solution, and a phosphoric acid solution, and 
has a concentration of about 30%. 
[0011] It is preferable that the carbon nanoparticles 
are dispersed in a nitric acid solution in a concentration 
of about 1 %. It is preferable that the predetermined tem- 
perature at which the strong acid solution is heated is 
about 110-140°C. 

[0012] According to the present invention, the carbon 
nanotubes can be easily manufactured on a large scale 
through a reaction with a strong acid solution while being 
refluxed. 

[0013] The above object and advantages of the 
present invention will become more apparent by de- 
scribing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 shows an arc discharging apparatus applied 
to a conventional arc discharging method for man- 
ufacturing carbon nanotubes; 
FIG. 2 shows a laser evaporation apparatus applied 
to a conventional laser vaporization method for 
manufacturing carbon nanotubes; 
FIG. 3 shows an apparatus applied to a convention- 
al plasma enhanced chemical vapor deposition 
(PECVD) method for manufacturing carbon nano- 
tubes; 

FIG. 4 shows an apparatus applied to a carbon na- 
notube manufacturing method according to an em- 
bodiment of the present invention. 
FIG. 5 shows an apparatus applied to a carbon na- 
notube manufacturing method according to another 
embodiment of the present invention in which car- 
bon nanotubes are formed from carbon nanoparti- 
cles by laser heating. 
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FIG. 6 is a transmission electron microscopic (TEM) 
photograph of carbon nanoparticles used in the car- 
bon nanotube manufacturing method according to 
the present invention; and 

FIG. 7 is a TEM photograph of carbon nanotubes 
produced by the carbon nanotube manufacturing 
method according to an embodiment of the present 
invention. 

[0014] Embodiments of a carbon nanotube manufac- 
turing method accordingto the present invention will be 
described in greater detail with reference to the append- 
ed drawings. 

[0015] FIG. 4 shows a reflux apparatus applied to a 
carbon nanotube manufacturing method according to 
an embodiment of the present invention. Referring to 
FIG. 4, to manufacture carbon nanotubes using the re- 
flux apparatus 60, a round-bottomed flask 51 is charged 
with a dispersion of carbon nanoparticles in a strong ac- 
id solution 60 and heated by a heater 53. Here, the pH 
of the strong acid solution is no more than 3. As the re- 
sult of the heating, the strong acid solvent is vaporized, 
rises upward through a condenser 55, is liquefied by 
cooling water supplied along the inner wall of the con- 
denser 55, and falls into the round -bottomed flask 51. 
As the strong acid solvent is repeated vaporized and liq- 
uefied while alternately rising and falling along the con- 
denser 55, the carbon nanoparticles in the round-bot- 
tomed flask 51 are dissociated and agglomerate togeth- 
er to form carbon nanotubes. 

[001 6] In the present invention, the terms "carbon na- 
noparticles" are used as a comprehensive meaning to 
include various kinds of carbon nanoparticles, for exam- 
ple, single-walled carbon nanoparticles and multiple- 
welled carbon nanoparticles (which are also called "car- 
bon nanoonion"). The carbon nanoparticles are formed 
using the above-discribed arc discharging method or a 
laser heating method in an apparatus of FIG. 5. 
[0017] Preferably, the strong acid solution 50 includes 
a nitric acid, a sulfuric acid, or a phosphoric acid in a 
concentration of about 30%. Preferably, the carbon na- 
noparticles are dispersed to a concentration of about 1 % 
in the strong acid solution 50. The strong acid breaks 
the bonding between carbon atoms of the carbon nan- 
otubes. 

[0018] The strong acid solution 50 containing the car- 
bon nanotubes is heated under reflux to a temperature 
of about 110-140°C for at least 5 hours, for example, in 
an oil bath. The strong acid solution 50 is repeatedly 
refluxed at an appropriate temperature, and the carbon 
nanoparticles dispersed therein are rearranged into car- 
bon nanotubes through a chemical reaction with the 
strong acid solution 50. 

[0019] FIG. 5 shows an apparatus applied to a carbon 
nanotube manufacturing method according to another 
embodiment of the present invention in which carbon 
nanotubes are formed from carbon nanoparticules by 
laser heating. The apparatus shown in FIG. 5 is con- 



structed by incorporating an additional laser source into 
an apparatus for generating and growing carbon nano- 
particles in a flame by flame hydrolysis deposition 
(FHD), so as to selectively sinter the carbon nanoparti- 

5 cles. The apparatus shown in FIG. 5 is based on the 
identical principles to the apparatus disclosed in Korean 
Laid-open Patent Publication No. 2001-51909. 
[0020] Referring to FIG. 5, 0 2 62 and H 2 64 supplied 
as fuels are combusted in a burner 61 to form a flame, 

10 whereas C 2 H 2 66 supplied as a carbon source into the 
burner 64 is combusted by the flame to produce carbon 
nanoparticles. A substrate 65 is disposed facing the 
flame from the burner 61 such that the carbon nanopar- 
ticles produced by the flame are adsorbed onto the sub- 

15 strate 65. 

[0021] A high-power laser source 63 which emits a la- 
ser beam to heat and sinter the carbon narnotubes pro- 
duced in the flame, is disposed between the substrate 
65 and the burner 64. Preferably, the wavelength of the 

20 laser beam matches a major absorption band of the car- 
bon nanotubes produced in the flame. CH 4 , instead of 
C 2 H 2 , can be used as the carbon source. In the embod- 
iment, a C0 2 laser having a maximum power of about 
2600W was used, but other laser sources can be ap- 

25 plied. 

[0022] As the carbon nanoparticles produced in the 
flame are irradiated by the laser beam, the temperature 
of the carbon nanoparticles rises to facilitate a chemical 
reaction and collision of the carbon nanoparticles. As a 

30 result, the individual carbon nanoparticles agglomerate 
or fuse to form a cluster of carbon nanoparticles. 
[0023] Compared with the arc discharging technique, 
the laser heating technique can control the size of car- 
bon nanoparticles. In addition, since the carbon nano- 

35 tubes can be produced at room temperature and atmos- 
pheric pressure, the laser heating technique is appro- 
priate to produce carbon nanotubes on a mass scale at 
low costs. 

[0024] In the carbon nanotube manufacturing method 
40 according to the present invention, the carbon nanopar- 
ticles produced by a conventional method, for example, 
laser vaporization or arc discharging, are used. As the 
carbon nanoparticles are disposed in the strong acid so- 
lution, the carbon nanotubes having weak bonds of car- 
45 bon atoms are broken and agglomerate to be grown into 
carbon nanotubes. 

[0025] FIG. 6 is a transmission electron microscopic 
(TEM) photograph of carbon nanoparticles before being 
applied to form carbon nanotubes, and FIG. 7 is a TEM 

50 photograph of the carbon nanotubes 70 produced from 
the carbon nanoparticles by the carbon nanotube man- 
ufacturing method according to an embodiment of the 
present invention. In FIG. 7, rod-like carbon nanotubes 
70, which are not shown in FIG. 6, are apparent. 

55 [0026] According to the present invention, carbon na- 
notubes can be simply formed on a large scale at low 
costs, through a chemical reaction between carbon na- 
noparticles and a strong acid solution. The new carbon 
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nanotube manufacturing method is distinguished from 
conventional methods. 

[0027] While the present invention has been particu- 
larly described in the above with reference to embodi- 
ments thereof, the above embodiments of the present 5 
invention are for illustrative purposes and are not intend- 
ed to limit the scope of the invention. 
[0028] For example, it will be understood by those 
skilled in the art that any material with electrophilicity, 
chemical and thermal stabilities, and instead of the 10 
strong acid solution, other chemical substances capable 
of breaking the bonding of carbon nanoparticles can be 
used, without departing from the spirit and scope of the 
invention as defined by the appended claims. 
[0029] As described above, in the carbon nanotube 15 
manufacturing method according to the present inven- 
tion, carbon nanoparticles formed by a conventional 
method are dispersed in a strong acid solution and flux- 
ed to form the carbon nanotubes. Advantageously, the 
overall process is simple and can be applied to mass- 20 
scale production at low costs. 



Claims 

25 

1. A method for manufacturing carbon nanotubes, 
comprising: 

dispersing carbon nanoparticles in a strong ac- 
id solution; and 30 
heating the strong acid solution at a predeter- 
mined temperature under reflux to form carbon 
nanotubes from the carbon nanoparticles. 

2. The method according to claim 1 , wherein the car- 35 
bon nanoparticles are formed by laser vaporization 

or arc discharging. 

3. The method according to claim 1 or 2, wherein the 
strong acid solution is selected from a nitric acid so- 40 
lution, a sulfuric acid solution, and a phosphoric acid 
solution. 

4. The method according to any of claims 1 to 3, 
wherein the strong acid solution has a concentra- 45 
tionof about 30%. 

5. The method according to claim 1 or 2, wherein the 
carbon nanoparticles are dispersed in a nitric acid 
solution in a concentration of about 1 %. so 

6. The method according to any of claims 1 to 5, 
wherein the predetermined temperature at which 
the strong acid solution is heated is 110-140°C. 

55 
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FIG. 1 (PRIOR ART) 




^1 



ESS 



FIG. 2 (PRIOR ART) 
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FIG. 3 (PRIOR ART) 
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FIG. 5 
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